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Abstract
Aim of study: To evaluate genetic variability and population structure of C. lindemuthianum isolates in Turkey and to record the reactions 
of some common bean cultivars to the pathogen isolates representing different genetic groups.
Area of study: : The study was performed in seven provinces of Turkey.
Material and methods: Genetic diversity of 91 C. lindemuthianum isolates obtained from different provinces of Turkey was characte-
rized by 27 iPBS and 30 ISSR primers. Also, the resistance of 40 common bean cultivars was scored against three isolates representing 
different genetic groups.
Main results: The dendrogram based on the combined dataset of iPBS and ISSR markers classified the isolates into two main groups 
with a genetic similarity of 72%, which closely associated with the geographic distribution of the isolates. The dendrogram of Nei’s genetic 
distances and Structure analysis supported the clustering of C. lindemuthianum isolates according to the geographical provinces. The results 
indicated that high level of genetic diversity (GST= 0.4) and low level of gene flow (NM=0.748) exist among the populations. AMOVA analysis 
showed that 58.7% of total genetic variability resulted from genetic differences between the isolates within populations, while 41.29% was 
among populations. Four cultivars showed resistant reaction to three isolates, while the other cultivars were susceptible to at least one isolate.
Research highlights: The results indicated that iPBS and ISSR markers were reliable and effective tools for analyzing population struc-
ture of C. lindemuthianum and revealed high level of genetic and pathogenic diversity among pathogen populations in Turkey.
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Abbreviations used: iPBS (inter-priming binding sites); ISSR (inter simple sequence repeat); LTR (long terminal repeat); PDA (potato 
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pair-grouped method with arithmetic average).
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Introduction
Common bean (Phaseolus vulgaris L.) is one of the 
most important grain legumes for human consump-
tion in many countries of the world. Turkey is a major 
bean producing country with a production of 630,347 
t yr-1 and 239,000 t yr-1 as green and dry bean, respec-
tively (http://faostat.fao.org/). Bean anthracnose caused 
by Colletotrichum lindemuthianum (Sacc. & Magnus) 
Briosi & Cavara is a destructive fungal disease that 
restricts bean production worldwide (Kelly & Vallejo, 
2004). The pathogen can infect all aerial parts of bean 
plants and causes typically reddish-brown lesions on 
pods, containing a mass of pinkish spores and surroun-
ded by reddish brown to black ring borders. The pa-
thogen survives on infected seeds and crop debris and 
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causes serious yield losses up to 100%, in especially 
where susceptible cultivars are grown under low tem-
perature and high moisture conditions (Padder et al., 
2017). Seeds contaminated with the pathogen play an 
important role in the long distance distribution of the 
disease (Mohammed, 2013). The use of pathogen-free 
seed, crop rotation, fungicide treatments, and host re-
sistance are suggested to control bean anthracnose in 
the disease management strategies (Mohammed, 2013). 
Thus, host plant resistance is the most reliable, econo-
mical and effective method for managing anthracnose 
disease on bean because chemicals have negative im-
pacts on the human or environment, and the production 
of disease-free seed is difficult in developing countries 
(Meziadi et al., 2016). Some bean varieties resistant to 
anthracnose have been reported, but high pathogenic va-
riability within the pathogen populations is the primary 
obstacle in the breeding of resistance to the disease 
(Ishikawa et al., 2008). To date, more than 247 races of 
the pathogen have been characterized all over the world 
(Martiniano-Souza et al., 2017). The presence of many 
races causes the breakdown of resistance to the pathogen 
in cultivars carrying anthracnose resistance genes, iden-
tified by Co-symbol (Kelly & Vallejo, 2004). In Turkey, 
39 races among 51 pathogen isolates were identified, 7 
of which had no similarity with characterized races of 
C. lindemuthianum, suggesting that high level of patho-
genic variability exists within the pathogen population 
(Madakbaş et al., 2013). Also, differences were obser-
ved in the reactions of some Turkish common bean culti-
vars to anthracnose disease, and cv. Karaayşe was found 
as resistant (Madakbaş et al., 2006). 
Knowledge of the extent and patterns of genetic 
variation in the pathogen populations is indispensable 
for disease management and breeding strategies for re-
sistance to the diseases. Molecular markers have been 
successfully used for understanding the evolutionary 
processes affecting pathogenic and genetic variation in 
the pathogen populations (Lima et al., 2012; Debbi et 
al., 2018). Comprehensive studies in different countries 
have been performed to evaluate genetic diversity and 
population structure of C. lindemuthianum by molecu-
lar approaches such as random amplified polymorphic 
DNA (RAPD), amplified fragment length polymorphism 
(AFLP), restriction fragment length polymorphism 
(RFLP), random amplified microsatellites (RAMS), 
inter-retrotransposon amplified polymorphism (IRAP), 
and DNA sequencing of the internal transcribed spacer 
(ITS) region (Ansari et al., 2004; Mahuku & Riascos 
2004; Bardas et al., 2007; Barcelos et al., 2011; Mota et 
al., 2016; Martiniano-Souza et al., 2017). Inter-simple 
sequence repeats (ISSR) analysis is a reproducible and 
sensitive tool, which involves the amplification of DNA 
segment between adjacent, inversely oriented microsa-
tellites regions. This method has been extensively used 
to characterize genetic diversity between populations 
of the fungal plant pathogens (Mahmodi et al., 2014; 
Debbi et al., 2018). The iPBSs (inter-priming binding 
sites) analysis, developed by Kalendar et al. (2010), is a 
PCR-based method for identifying conserved region of 
primer binding sites (PBS) among long terminal repeat 
(LTR) retrotransposon families. This method includes 
some advantages compared with other retrotranspo-
son markers: iPBS markers is highly reproducible and 
allows the screening of diverse LTR sequences without 
the need for cloning and sequence knowledge. To date, 
the iPBS analysis has been widely applied to visualize 
genomic polymorphisms in a wide range of plant and 
animal species (Kalendar et al., 2010). This marker sys-
tem has been recently used in phylogenetic and genetic 
diversity studies on fungal pathogens (Özer & Bayraktar 
2018; Ateş et al., 2019), but not used to investigate ge-
netic diversity of C. lindemuthianum populations. Tur-
key is a leading common bean producer in the world and 
anthracnose disease is common in its bean production 
areas, although little information is available about evo-
lutionary variation and processes affecting genetic com-
position of C. lindemuthianum populations in Turkey 
(Canseven, 2008; Madakbaş et al., 2013). Knowledge in 
this area could be useful in the selection of disease-resis-
tant breeding materials and disease management. There-
fore, the objective of this study was to evaluate genetic 
diversity and population structure of C. lindemuthianum 
isolates from major bean growing areas of Turkey and to 
record the reactions of 40 common bean cultivars to the 
pathogen isolates representing different genetic groups.
Material and methods
Fungal material 
Disease surveys were performed in Samsun, Tokat, 
Kastamonu, Çankırı, Zonguldak, Rize, Karabük provin-
ces of Turkey during the growing seasons 2017 and 2018 
(Fig. 1). The fields were chosen randomly and infected 
plant samples were collected from different areas of each 
field. Infected tissues were cut into small pieces (3-5 
mm), surface sterilized in 1% NaOCl for 3 min, rinsed 
twice with sterile water and cultured on potato dextro-
se agar (PDA, Merck, Darmstadt, Germany) medium at 
23°C with a 12-h dark/light cycle. Afterwards, all isola-
tes were purified by single spore isolation technique and 
maintained on filter papers at 8°C or in Microbank tubes 
(Pro-Lab Diagnostics, UK) at –80°C in fungal culture 
collection of Department of Plant Protection, Faculty of 
Agriculture, Ankara University. All isolates were initially 
identified based on their conidial morphology such as 
size and shape of conidia, existence of setae and grow-
th characteristics (Sutton, 1992). Also, morphological 
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identification was confirmed with PCR assay by using 
species-specific primers ITS4 and ClF4 described by 
Chen et al. (2007).
DNA extraction
Genomic DNA was extracted according to DArT DNA 
isolation method (http://www.diversityarrays.com). Fun-
gal mycelia were gently scraped from the surface of sin-
gle spore cultures grown on PDA medium and transferred 
into 2 mL microcentrifuge tubes. The samples were sus-
pended in 1 mL fresh buffer solution (125 mM Tris-HCl 
pH 8.0, 25 mM EDTA pH 8.0, 0.8 M NaCl, 1% CTAB, 
1% sarcosyl, 2% PVP-40 (K29-32), 0.5% sodium disul-
phite) and then incubated in a heating block at 65°C for 
1h. The suspension was mixed vigorously with one volu-
me of chloroform:isoamylalcohol (24:1) and centrifuged 
for 20 min at 10,000 g. The supernatant was precipitated 
with the same volume of ice cold isopropanol. The pellet 
was washed with 70% cold ethanol, air-dried and suspen-
ded in 50 µL of sterile water. DNA concentrations were 
determined spectrophotometrically and finally diluted to 
20 ng µL-1. 
iPBS retrotransposon marker analysis
Twenty-seven iPBS retrotransposon primers designed 
by Kalendar et al. (2010) were used on initial screening 
tests. The primers that provided clear and reproducible 
band profiles were used to evaluate genetic diversity be-
tween all pathogen isolates. PCR reaction was performed 
in a total volume of 25 μL containing 1x Dream Taq Green 
buffer, 1 µM primer, 0.2 mM dNTPs, 1.5 U Dream Taq 
DNA polymerase 0.04 U Pfu DNA polymerase (Thermo 
Scientific). PCR amplification was carried out in a ther-
mocycler programmed as follows: initial denaturation at 
95°C for 3 min, 35 cycles of at 95°C for 15 sec, at annea-
ling temperature for 1 min, and at 70°C for 1 min; and fi-
nal extension at 72°C for 5 min (Table 1) (Andeden et al., 
2013). PCR products were separated by gel electrophore-
sis on a 1.4% agarose gel, stained with ethidium bromide 
and visualized under UV light. Gene Ruler plus 100 bp 
DNA ladder was used as molecular weight standards for 
electrophoresis (Thermo Scientific).
ISSR marker analysis
Thirty ISSR primers with di- or tri-nucleotide repeats 
designed by University of British Columbia were tested 
to select the primers, producing reliable and reproducible 
polymorphic band profiles between the pathogen isolates. 
PCR reaction was carried out in a total volume of 25 μL 
containing 10 mM Tris-HCl pH 8.8, 50 mM KCl, 0.8% 
Nonident P40, 0.2 mM dNTPs, 0.24 μM primer, 2.5 mM 
MgCl2, 1 U Taq DNA polymerase (Thermo Scientific). 
PCR conditions were performed as follows: 35 cycles of 
at 94°C for 30 s, at annealing temperature for 30 s (Table 
 
Figure 1. Geographical information and number of Colletotrichum lindemuthianum isolates from seven provin-
ces of Turkey. n: number of isolates.
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1), and at 72°C for 2 min, ending with 1 cycle of 10 min at 
72°C. PCR products were separated as mentioned above. 
Disease reactions of common bean cultivars to the 
pathogen isolates
Forty common bean cultivars, commonly grown in 
Turkey were evaluated for their reactions to three isolates 
representing different genetic groups based on the com-
bined data of iPBS and ISSR markers (Table 2). Seeds of 
each bean cultivar were disinfected with 1% NaOCl for 
3 min, washed three times with water and sown directly 
into 15 cm in diameter plastic pots. The plants were incu-
bated at 23°C for approximately two weeks until the first 
trifoliate leaves were fully expanded. Three replicate pots 
were used with five plants per pots. 
To induce sporulation, the pathogen isolates were 
grown on M3 medium (10 g of sucrose, 20 g of agar, 2 g 
of KH2PO4, 1 g of MgSO4.7H2O, 6 g of peptone, 1 g of 
yeast extract agar, 1000 mL of distilled water) at 23°C for 
15 days in the dark. Conidia were collected by adding 10 
mL sterile distilled water to each petri dish and scraping 
the surface of cultures with a glass slide. Spore concen-
tration of each isolate was adjusted to the final concentra-
tion of 1.2×106 spore mL-1 using a hemocytometer. Bean 
plants were sprayed to run off with 10 mL of the final 
inoculum suspension, covered with a polyethylene bag to 
maintain leaf wetness for 48 h and incubated at 20±1°C in 
growth room. Seven days after inoculation, disease eva-
luation was carried out according to 1-9 scale described 
by Schoonhoven & Pastor-Corrales (1987). Plants with 
disease reaction scores of 1–3 were considered resistant, 
whereas plants that were rated 4–9 were considered sus-
ceptible.
Data analysis
Reproducible bands were scored as present (1) or ab-
sent (0) for iPBS and ISSR markers. Genetic similarity 
matrix was constituted with Dice’s coefficient of similari-
ty created using the NTSYS-pc v.2.2 numerical taxonomy 
package program (Rohlf, 1998). The genetic similarity 
matrix was subjected to cluster analysis with an unweigh-
ted pair-grouped method with arithmetic average (UPG-
MA) to generate a dendrogram. Also, to compare the den-
drograms formed using these marker systems, cophenetic 
Table 1. Characteristics of the primers used.
[a] TB: number of total bands. PB: number of polymorphic bands. PPB: percentage of polymorphic bands. PIC: 
mean polymorphism information content.
Primers sequences (5’-3’) Ta(°C)
G+C
(°C) TB
[a] PB PB(%) PIC value per primer
ISSR primers
(AG)8YC AGAGAGAGAGAGAGAGYC 54 52.8 7 4 57.1 0.27
(GA)8C GAGAGAGAGAGAGAGAC 52 52.9 9 8 88.8 0.23
(AC)8T ACACACACACACACACT 52 47.1 5 2 40,0 0.18
(AC)8YA ACACACACACACACACYA 56 47.2 5 4 80.0 0.19
(GA)9RY GAGAGAGAGAGAGAGAGARY 54 50.0 7 6 85.7 0.34
(AG)8T AGAGAGAGAGAGAGAGT 56 47.1 8 8 100.0 0.49
DHB(CGA)5 DHBCGACGACGACGACGA 56 63.0 11 4 36.3 0.08
YHY(GT)7G YHYGTGTGTGTGTGTGTG 52 51.8 6 5 83.3 0.25
BDB(ACA)5 BDBACAACAACAACAACA 56 37.1 4 1 25.0 0.12
Total 62 42
Average 6.88 4.66 69.52 0.238
iPBS primers
iPBS2077 CTCACGATGCCA 55 58 4 3 75.0 0.36
iPBS2219 GAACTTATGCCGATACCA 53 44 9 4 44.4 0.14
iPBS2399 AAACTGGCAACGGCGCCA 52 61 6 5 83.3 0.06
iPBS2221 ACCTAGCTCACGATGCCA 57 55 8 6 75.0 0.21
Total 27 18
Average 6.75 4.5 69.4 0.192
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matrice values were calculated, and later compared by the 
Mantel test. The mean polymorphism information content 
(PIC) was calculated following the formula described by 
De Riek et al. (2001). The number of bands, percenta-
ge of polymorphic bands (PPB), Nei’s gene diversity (h), 
Shannon’s information index (I), total gene diversity (HT), 
gene diversity within populations (HS), genetic differen-
tiation (GST), and gene flow (NM) were calculated using 
POPGENE statistical software ver. 1.32 (Yeh et al., 1999). 
Support for the population branches was estimated using 
the bootstrap procedure of TFPGA software ver. 1.3 based 
on 1,023 permutations. STRUCTURE v.2.2 was used to 
analyze genetic structure and population subdivision of C. 
lindemuthianum isolates based on the combined dataset 
(Pritchard et al., 2000). Ten independent runs were per-
formed for each number of clusters, K varying from 2 to 
10. Each run was set to 50,000 iterations of Monte Carlo 
Markov Chain (MCMC) with a 5,000 burn-in period. The 
number of populations representing the best grouping was 
determined by ΔK as described by Evanno et al. (2005) 
using STRUCTURE HARVESTER. The analysis of mo-
lecular variance (AMOVA) and population pairwise FST 
were used to separate the variance between and within 
populations using the ARLEQUIN vers. 3.0 program (Ex-
coffier et al., 2005). Significance tests were calculated by 
performing 1,023 permutations at level p<0.001.
Results 
A total of 91 isolates were recovered from diseased 
plant samples, showing typical anthracnose symptoms on 
leaf, petioles, hypocotyl and pods. Based on morpholo-
gical and cultural characters, all isolates were identified 
as C. lindemuthianum. Also, PCR assay was confirmed 
morphological identification of C. lindemuthianum iso-
lates. Species-specific primer pair ITS4/ClF4 resulted in 
amplification of the expected 461-bp DNA fragment from 
all the isolates as described by Chen et al. (2007).
Thirty ISSR primers were used to reveal genetic va-
riability among the populations of C. lindemuthianum, 
and nine primers produced interpretable and variable 
banding patterns (Table 1). These primers amplified 62 
distinct bands, ranging in size from 0.5-3.5 kb. 67.7% 
of ISSR fragments were polymorphic, with an avera-
ge of 4.66 polymorphic bands per primer (Fig. 2). The 
number of total bands scored per primer ranged from 4 
(BDB(ACA)5) to 11 (DHB(CGA)5) with an average of 
6.88 bands. The most informative primer was (AG)8T, 
generating 8 (100%) polymorphic bands, while the least 
informative primer was BDB(ACA)5 with 25% poly-
morphism. The values of PIC for ISSR markers ranged 
from 0.08 (DHB(CGA)5) to 0.49 ((AG)8T) with an ave-
rage of 0.238. UPGMA cluster analysis based on Dice 
coefficients identified two major groups between the 
Table 2. Disease reaction of common bean cultivars to three 
Colletotrichum lindemuthianum isolates from different genetic 
groups.
[a] R: resistance interaction (score 1-3). S: susceptible interac-
tion (score 4-9) based on the 1-9 scale of Schoonhoven & Pas-
tor-Corrales (1987).
Bean cultivars Bean type
Isolate[a]
R11 S27 Z10
Asya Green S S S
Boncuk Green S S S
Fransız Green S S S
Gelincik Green S S S
Gina Green S S S
Java Green S S S
Karabacak Green S S S
Magnum Green S S S
Mina Green S S S
Miray Green S S S
Nazende Green S S S
Özayşe Green S S S
Perolar Green S S S
Sanımteni Green S S S
Sarıkız Green S S S
Sazova Green R R R
Seher yıldızı Green S S S
Sofia Green S S S
Tavil Green S S S
Volare Green S S S
Yalova 5 Green S S S
Yalova 17 Green S S S
Zeynebim Green S S S
40 günlük Green S S S
Belinay Sırık Kidney S S S
Buse Oturak Kidney S R S
Klas Kidney S S S
Selim Kidney S S S
Sembol Kidney S S S
Sırık barbunya Kidney S S S
Akdağ Dry S R R
Akın Dry R R R
Aras Dry S S S
Bulduk Dry S S S
Göynük 98 Dry S S S
KaracaşeSir 90 Dry R R R
Mecidiye Dry S S S
Önceler Dry R R S
Yakutiye Dry S S S
Zülbiye Dry R R R
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pathogen isolates from different geographical provinces 
of Turkey at an arbitrary level of 69% similarity. Cluster I 
consisted of 19 isolates from Samsun as well as only one 
isolate (T6) from Tokat province. Cluster II was the lar-
gest group with 71 isolates, divided into two subgroups 
at approximately 90% similarity. All isolates from Rize 
province were separately grouped from the isolates from 
6 provinces into cluster II.
Four of the 27 iPBS primers screened gave reproduci-
ble and clear DNA patterns (Table 1). The other primers 
did not produce any PCR product or provided low level 
of polymorphisms between the isolates. A total of 27 sco-
rable bands was amplified with four primers, 18 of which 
were polymorphic (69% criterion) and ranged in size 
from 0.35 to 2.3 kb (Fig. 2). The number of average bands 
detected for each primer was 6.75. The primer iPBS2399 
generated the greatest percent of polymorphism (83.3%). 
The mean PIC was 0.192. The dendrogram derived from 
iPBS data revealed two major clusters with a similarity 
of 78%. However, some differences were observed in the 
distribution of the isolates within the clusters compared 
with the clustering in the dendrogram of ISSR analysis. 
Cluster I consisted of two subgroups at 82% similarity 
and the isolates from Rize provinces were grouped with 
the isolates belonging to cluster I in the dendrogram of 
ISSR analysis. Cluster II separated two subgroups with a 
genetic similarity of about 89%.
UPGMA analysis of the combined dataset of iPBS 
and ISSR markers clustered the pathogen isolates into 
two major groups with a genetic similarity of 72%, each 
containing two subgroups (Fig. 3). The clustering of the 
isolates within groups in the combined dendrogram was 
more similar to the clustering based on ISSR data than 
iPBS data. The results indicated that there was a strong 
correlation between clustering in dendrogram and geogra-
phical origin of the isolates and the isolates from the same 
geographic province were more closely related to one 
another than isolates from different geographic provinces. 
Cluster I included 70.3% of the isolates from Samsun pro-
vince and one isolate from Tokat province, likewise the 
dendrogram of ISSR analysis. Cluster II separated into 
two subgroups at approximately 87% similarity. All iso-
lates from Rize province were grouped separately from 
the isolates, representing the other provinces. Cophenetic 
correlation efficient for dendrograms of ISSR and iPBS 
markers based on Mxcoph procedure was 0.96 and 0.87, 
respectively. The comparison of cophenetic matrix values 
by Mantel test showed a strong linear relationship (r= 
0.73) between the dendrograms.
Genetic diversity estimates for each population are 
presented in Table 3. The highest percentage of poly-
morphic loci occurred in Samsun population (58.43%), 
while the percentage of polymorphic loci for the other 
populations changed from 12.36% (Karabük) to 48.31% 
(Tokat). Gene diversity (h) within the populations ranged 
from 0.046 (Karabük) to 0.217 (Samsun). Mean Shan-
non's information index (I) ranged from 0.069 to 0.321 
among all populations. The total gene diversity (HT) was 
0.165±0.023 for all populations. The average gene di-
versity within populations (HS) was 0.098±0.009, which 
accounted for 59.4% of the total genetic diversity. The 
proportion of diversity (GST) indicated that 0.4 of the total 
Figure 2. Representative banding patterns of the PCR product for (a) ISSR (YHY(GT)7G) and (b) iPBS 
(iPBS2399) primers of different Colletotrichum lindemuthianum isolates. M: 100 bp DNA ladder.
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genetic diversity was among the populations. The level of 
gene flow (NM) was 0.748, demonstrating low levels of 
gene flow among all populations. The levels of population 
pairwise FST between different populations ranged from 
0.6046 to -0.0060, suggesting the levels of Fst indices 
between Samsun and Rize provinces and the other pro-
vinces were significant (p > 0.05) (Table 4).
UPGMA analysis of Nei’s genetic distances separated 
all populations into two main clusters in the dendrogram 
with 100% bootstrap support (Fig. 4). Samsun population 
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Figure 3. UPGMA clustering and population structure of Colletotrichum lindemuthianum isolates from 
seven provinces of Turkey. The isolates collected from different populations are separated by the initials: 
Samsun (S), Tokat (T), Kastamonu (K), Zonguldak (Z), Çankırı (Ç), Karabük (KR), and Rize (R).
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clustered separately from the other populations in dendro-
gram. The populations of Tokat, Kastamonu, Zonguldak, 
Çankırı and Karabük were clustered together at the level 
of 0.028 genetic distance, while Rize population formed 
a distinct cluster with genetic distance of 0.12. STRUC-
TURE analysis generated similar population clustering 
patterns to those revealed in the dendrogram (Fig. 3). The 
highest magnitude of ΔK was found with K = 3 (LnP(K) = 
-1102.9) and therefore three genetic clusters were detec-
ted. This result was related to the geographical distribu-
tion of the isolates. Cluster I consisted of the isolates ob-
tained from mostly Samsun provinces, while the isolates 
Table 3. Estimates of genetic diversity and distribution of gene diversity between the populations of 
Colletotrichum lindemuthianum. 
PL, percentage of polymorphic loci. h, Nei’s gene diversity. I, Shannon’s Information index. HT: total 
gene diversity; HS: gene diversity within populations; and GST: the proportion of total gene diversity 
found among populations, NM: gene flow.
Populations N PL, % h I
Samsun 27 58.43 0.217 ±0.207 0.321±0.296
Tokat 6 48.31 0.138±0.145 0.221±0.232
Kastamonu 15 26.97 0.071±0.135 0.114±0.205
Çankırı 14 21.35 0.054±0.118 0.087±0.182
Zonguldak 14 29.21 0.073±0.136 0.118±0.205
Karabük 4 12.36 0.046±0.124 0.069±0.186
Rize 11 28.09 0.091±0.159 0.140±0.236
All populations HT: 0.165±0.023 HS: 0.098±0.009 GST: 0.400 NM: 0.748
Table 4. Population pairwise difference (FST) between Colletotrichum lindemuthianum populations.
*FST p-values are considered significant at p<0.001
Populations Samsun Tokat Kastamonu Zonguldak Çankırı Karabük
Tokat 0.2709
Kastamonu 0.4523*  0.0708
Zonguldak 0.4943*  0.1085  0.0086   
Çankırı 0.4740*  0.0970  -0.0011  -0.0060   
Karabük 0.3947*  0.0332  0.0376  0.0111  0.0501














Figure 4. Dendrogram constructed for seven Colletotrichum 
lindemuthianum populations using Nei’s genetic distance. 
Bootstrap values were calculated from 1,000 bootstraps.
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from Rize province belonged to cluster 3. The other 60 
isolates from different provinces were placed in cluster II. 
AMOVA analysis revealed highly significant differences 
among the provinces, contributing 40.6% of the total ge-
netic variation (Table 5). The 59.4% of variation existed 
within the individual populations.
The three isolates (R11, Z10, and S27) of C. linde-
muthianum, representing different populations in the 
dendrogram derived from the combined data of ISSR 
and iPBS markers, were evaluated for their virulence on 
40 common bean cultivars under controlled conditions 
(Table 2). Three isolates were highly pathogenic on all 
common bean cultivars tested with a few exception and 
caused typical anthracnose symptoms. The isolates, R11 
and Z10 caused the mean disease severity ratings of 6.9 
and 6.7, respectively, while the isolate S27 was 5.8. The 
cultivars Sazova, Zülbiye, Akın and Karacaşehir 90 were 
resistant to three isolates with a disease reaction of < 3 
according to 1-9 scale of Schoonhoven & Pastor-Corrales 
(1987). Also, cv. Buse oturak showed resistant reaction 
to the isolate S27, while it was regarded as susceptible to 
the other isolates. The cvs. Önceler and Akdağ were only 
susceptible to the isolates Z10 and S27, respectively. The 
other common bean cultivars were found to be susceptible 
to the three isolates.
Discussion
Anthracnose disease can cause significant economic 
losses in bean growing areas of Turkey, when environ-
mental conditions are favorable for disease development, 
and especially in the fields where infected seed material 
is used (Madakbaş et al., 2006, 2013). However, litt-
le information is available on genotypic variability and 
population structure of C. lindemuthianum in Turkey. 
This study aimed to evaluate genetic variation between 
the populations of C. lindemuthianum to contribute more 
information for breeding schemes and management stra-
tegies to bean anthracnose. To date, extensive studies 
using different molecular markers have been performed 
to analyze genetic variability between the populations of 
C. lindemuthianum (Barcelos et al., 2011; Mota et al., 
2016; Martiniano-Souza et al., 2017). The iPBS analy-
sis has been used for the first time to clarify intraspecific 
variability between the isolates of C. lindemuthianum. 
The results indicated that ISSR and iPBS-retrotransposon 
markers are useful molecular tools for analyzing genetic 
polymorphisms of C. lindemuthianum and revealed high 
level of genetic variability between the pathogen isolates 
in agreement with the previous studies, showing that C. 
lindemuthianum is a highly diverse pathogen (Ishikawa 
et al., 2008; Barcelos et al., 2011; Martiniano-Souza et 
al., 2017). The mean number of total and polymorphic 
bands for both markers indicated similar levels of gene-
tic polymorphisms between the isolates. Nine and four of 
ISSR and iPBS primers screened, respectively, amplified 
clear and polymorphic bands between the isolates. The 
other markers were assumed to not be conserved within 
this fungi species. This observation was in agreement 
with the results of a previous study, indicating that 9 of 
82 primers used to analyze genetic variability of F. oxys-
porum f. sp. cumini isolates were informative (Özer & 
Bayraktar, 2018). However, the mean PIC, an important 
index that shows the efficiency and discrimination power 
of the primer, was higher with ISSR than with iPBS mar-
kers. The high values of PIC indicated that there was 
high level of genetic variability between the pathogen 
isolates and the primers used were effective in analyzing 
this genetic variation. This high value of PIC was also 
observed in the study of Ateş et al. (2019), who found 
high levels of genetic variation with a mean PIC value of 
0.16 among isolates of Fusarium oxysporum using iPBS 
markers. The cophenetic correlation efficient between the 
various dendrograms based on Mantel test was highly sig-
nificant, suggesting a strong linear relationship between 
the dendrograms. Similar correlation between dendro-
grams was reported by Bardas et al. (2009) analyzing po-
pulations of C. lindemuthianum in Greece using RAM, 
RAPD and ERIC–BOX PCR markers. The correlation 
between cophenetic matrice values obtained from RAM 
and RAPD dendrograms was highly significant (r = 0.71), 
while the correlation between ERIC–BOX and RAM 
markers was found as r = 0.58, (p < 0.05) based on the 
results of Mantel test. The dendrogram of the combined 
dataset from iPBS and ISSR markers revealed two major 
genetic clusters among the pathogen isolates at ~ 72% si-
milarity. The isolates belonging to the same geographic 
Table 5. Analysis of molecular variance (AMOVA) for Colletotrichum lindemuthianum populations based on 
sampling provinces. 
[a] Probability of a larger value obtained by chance, determined by 1,023 permutations of the data set.
Source of variation Degree of freedom




Percentage of  
variation Fst p-value 
[a]
Among populations 6 328.888 3.919 41.29
Within populations 85 473.492 5.570 58.70 0.412 <0.0000
Total 91 802.380 9.489
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origin were observed to be more closely related to one 
another. Similar distribution of genetic diversity between 
C. lindemuthianum isolates has been reported by other 
researchers using different molecular markers. Canseven 
(2008) evaluated genetic variability between 47 isola-
tes of C. lindemuthianum from Turkey using Rep-PCR, 
RAMS and RAPD marker systems and grouped the pa-
thogen isolates into 5, 2 and 3 clusters in dendrogram, 
respectively. However, the clustering based on these mar-
kers failed to reveal a relationship between pathogenic 
and geographical variability of isolates. Similarly, Souza 
et al. (2010) clustered the pathogen populations into five 
distinct groups with similarity coefficients, ranging from 
0.43 to 1.00. Also, an average of bands per primer was 
4.57, similar to those of iPBS and ISSR markers in our 
study. With UPGMA analysis of RAM and ERIC–BOX 
PCR markers, Bardas et al. (2009) reported the presence 
of two main groups with 80% genetic dissimilarity and 
three main groups with 68% genetic dissimilarity among 
the populations of C. lindemuthianum from three bean 
growing areas of Greece, respectively. 
Genetic estimates of population structure led to a 
better clarification of genetic variation within and be-
tween the populations of C. lindemuthianum from diffe-
rent geographical origin of Turkey. A positive correlation 
was found between geographical provinces and the clus-
tering of the isolates. Samsun and Rize isolates clustered 
separately from those of the other provinces. Similarly, 
structure analysis revealed three clusters, supporting the 
geographical distribution of the pathogen isolates into 
the dendrogram (the highest value of ΔK was obtained 
for with K = 3). This result was in agreement with that 
obtained by Ansari et al. (2004), observing some asso-
ciations between genetic diversity and geographical areas 
of C. lindemuthianum. AMOVA analyses and GST value 
both revealed a relatively high level (40%) of genetic 
diversity among the populations. Approximately 59.4% 
of total gene diversity could be attributed to differences 
within the populations. This difference within the popu-
lations indicated that genetic recombinations in pathogen 
reproduction may play an important role in the population 
evolution of C. lindemuthianum in Turkey. Conidial anas-
tomosis between different strains contributes to high level 
of genetic diversity within the populations (Ishikawa et 
al., 2012). Also, host-pathogen co-evoluation within the 
geographic areas, cultivated widely local bean genotypes 
may have led to high level of gene diversity within the 
populations. This result is in agreement with the study of 
Madakbaş et al. (2013), who reported that the presence 
of many races within populations of C. lindemuthianum 
in Turkey was associated with long term selection of new 
pathotypes under the pressure of local gene pool and en-
vironmental conditions and also, seed exchange between 
different provinces contributed to the distribution of pa-
thogenic variability. Similar distribution of genetic diver-
sity between the populations was reported by Sicard et al. 
(1997) and Souza et al. (2010), attributing 58.46%, and 
69.03% of the total variability to differences between po-
pulations, respectively. Different results were reported by 
Damasceno e Silva et al. (2007), who indicated 3.94% 
and 96.06% of the genetic variability being among and 
within regions in Brazil. The level of gene flow (Nm) was 
estimated to be 0.7482 among all populations, demonstra-
ting low levels of gen flow between different provinces. 
These results can be explained by the low level of seed 
exchange between the regions, the more widespread cul-
tivation of local varieties and the agricultural practices in 
each region. Also, the levels of genetic diversity obser-
ved between the isolates within the same population may 
be attributed to sexual recombination, parasexual cycle, 
mutation and transposons, which play a role in the life 
cycle of the pathogen (Ishikawa et al., 2012; Padder et 
al., 2017).
The use of host plant resistance is the most economi-
cally and effective management means control to anthrac-
nose disease and several dominant resistance genes have 
been described in common beans (Kelly & Vallejo, 2004; 
Meziadi et al., 2016). However, the development of re-
sistant cultivars is very difficult due to high pathogenic 
and genetic variability of C. lindemuthianum (Ishikawa 
et al., 2008). Thus, many studies have been performed 
to evaluate the response of common bean cultivars or 
genotypes to different pathogenic groups of C. lindemu-
thianum and some bean varieties have been recorded as 
resistant to anthracnose (Bardas et al., 2007). The present 
study has evaluated resistance reactions of common bean 
cultivars against the pathogen isolates representing diffe-
rent genotypic groups. The pathogenicity assays revealed 
significant differences in the reactions of common bean 
cultivars. Four cultivars (Sazova, Zülbiye, Akın and Kara-
caşehir 90) were resistant and the other cultivars suscepti-
ble to at least one isolates. Madakbaş et al. (2006) evalua-
ted 16 fresh bean cultivars to 5 isolates under greenhouse 
and laboratory conditions. Karaayşe cultivar was resistant 
to all isolates under greenhouse condition, but susceptible 
under laboratory condition, while cvs. Sazova and Nassua 
were resistant to one isolate under greenhouse condition. 
Also, four cultivars (Gina, Volare, Yalova 5, Yalova 17) 
used in this study were regarded as susceptible to all isola-
tes. These results supported that host response of common 
bean cultivars is variable depending on the pathogen iso-
lates tested and inoculation conditions. Similar findings 
were reported by Keterew et al. (2018), who screened 36 
common bean genotypes against seven virulent isolates 
in Ethiopia. Seven genotypes were resistant to all isolates 
and the other genotypes responded susceptible or highly 
susceptible to the virulent isolates.
In conclusion, the present study represented the most 
detailed study to investigate genetic diversity of C. lin-
demuthianum in Turkey by combining iPBS and ISSR 
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data. Both markers were reliable and effective tools for 
analyzing genetic diversity between the pathogen isola-
tes. The results showed that C. lindemuthianum possessed 
high level of genetic polymorphism and clustered into two 
major groups. Our results also indicated the presence of a 
relatively high level of genetic diversity and low level of 
gene flow between the populations. Estimates of genetic 
diversity showed a strong correlation with geographical 
origin of the isolates. Also, four common bean cultivars 
were evaluated as resistant to different genotypic groups 
of the pathogen. Thus, future studies should be conducted 
in order to characterize the anthracnose resistance gene in 
these bean cultivars, to ensure the integration of these ge-
nes into breeding programs and to provide more detailed 
information on pathogen biology in Turkey. This informa-
tion will contribute to the improvement of breeding stra-
tegies, selection of resistance genes and bean anthracnose 
management.
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